The human genome comprises approximately 3 billion nucleotide (nt) bases and only 2% of them code genes that are translated directly into proteins. With the advancement of microarray technology, the completion of human genome sequencing, as well as the near completion of sequencing of several other vertebrate genomes, it is clear that a far greater number of genes transcribed into ribonucleic acids (RNAs) are not translated into proteins [1, 2, 3, 4] . These so-called noncoding RNAs (ncRNAs) include ribosomal RNAs (rRNAs), transfer RNAs (tRNAs), and small nuclear RNAs (snRNAs). Several newly discovered families of ncRNAs include the 21-nt microRNAs (miRNAs), small nucleolar RNAs (snoRNAs), small interfering RNAs (siRNAs), repeat-associated small interfering RNAs (rasiRNAs), and others [1, 3, 5] .
development [15, 16] . Some representative evidence on the roles of ncRNA has come from animal studies. For example, in C. elegans, miR-273 and lsy-6, two miRNAs, form a gene regulatory network that controls the cell fate of two taste neurons [17] . In Drosophila, some large ncRNAs display preferential expression during embryogenesis and tissue specificity, with required roles in sensory organ development [18, 19] .
Data from vertebrates on miRNA function are intriguing as well. Mutant mice, which are defective in the pre-miRNA processing gene known as dicer, are embryonic lethal [20] . On the other hand, in zebrafish, the dicer zygotic mutant from the maternal mutant survives, but displays severe malformation in most brain regions [21] . At the cellular level, deletion of dicer in differentiating embryonic cultures led to complete loss of dopaminergic neurons, as well as reduction in GABAergic neurons, two types of neurons that populate the cortex and form reward and motivation neural circuits in the brain. In in vivo observations, localized conditional deletion of dicer in mice caused the loss of dopaminergic neurons in the midbrain and resulted in phenotypes similar to Parkinson's disease [22] . Furthermore, important evidence from this study indicates that the suppression of a single miRNA, miR-133b, may be responsible for the dicer deletion phenotype. Recently, the importance of ncRNA in brain development was further highlighted by the identification of HAR1, a 118-nt ncRNA region. HAR1 is part of the ncRNA gene HAR1F that is specifically expressed in the Cajal-Retzius neurons in the developing human cortex. The temporal and spatial pattern of the expression of this ncRNA suggests a role in cortical neuron migration and lamination, and human brain specification [23] .
A growing body of evidence suggests that ncRNAs are also richly expressed and play important roles in adult brain function [14, 24, 25, 26, 27] . For example, a brain-specific miRNA, miR-134, is found to localize to the synaptodendritic compartment of rat hippocampal neurons where it negatively regulates the size of the dendritic spines through the inhibition of the translation of a synaptic protein Limk1 [27] . Since it is known that changes in dendritic local protein synthesis are required for synaptic modulation implicated in learning and memory [28, 29, 30] , miR-134 may play a critical role in brain function and plasticity.
The abundance and functional significance of ncRNA in the brain also implies that abnormal activity of ncRNA will likely lead to brain disorders. Indeed, many of the neurological disorders and diseases have been suggested to involve ncRNA deficiency: miR-189 variation has been linked to certain types of Tourette's syndrome [31] ; deletion of DGCR8, which encodes a component of the complex that processes miRNA in the brain, results in DiGeorge-syndrome-related learning disabilities [32] ; and ncRNA regulation of some "risk" genes may underlie the diverse findings of genetic linkage studies of schizophrenia [32] .
ncRNA IN DRUG ADDICTION
As a specialized brain disorder as well, it will be no surprise in the future to find out that ncRNAs are heavily involved in substance abuse and addiction. The neural circuits important for learning, memory, and reward are also involved in substance use disorder (SUD), and ncRNAs play key roles in neuronal differentiation, migration, and synaptic formation of neurons in these neural circuits [22, 27, 34, 35] . In addition, many other brain mechanisms of addiction, such as synaptic modulation, dopamine transporter (DAT) regulation, and the signaling pathways in addiction and withdrawal, likely involve ncRNA function [22, 26, 27, 33, 34, 36] . The abused substances themselves, such as alcohol and cocaine, have been known to interact closely with events and partners of ncRNA, such as DAT, GABRA2, and BDNF [27, 34, 35] .
Although research on the role of ncRNAs in SUD is just beginning, it is likely that more and more evidence will emerge that ncRNAs play a critical regulatory role in SUD. We know, for example, that exposure to cocaine elevates the cAMP levels and triggers acetylation of histones at the loci of fosB promoter through the CREB-binding protein response [37] . Remodeling of chromatin sometimes requires ncRNA function [7, 9] . With chronic cocaine use, deltaFosB is activated, which initiates coding and noncoding RNA transcription, and the resulting ncRNAs interact with the ncRNA for dopamine transporter (DAT) expression [35] . DAT plays key roles in the neuropharmacological and reinforcing effects of cocaine. It is also possible that drugs of abuse, such as cocaine, lead to synaptic plasticity through activation of miR-134 at the dendritic spines, up-regulate Limk1 protein translation, resulting in the growth and changes of dendritic spines, and, in turn, neurotransmission [27] . These ncRNA changes may, in part, lead to the drug-induced dendritic changes associated with SUD [37] . Alternative splicing of GABRA2 ncRNA can also bring about changes in GABA receptor gene expression, which is associated with addiction and withdrawal, and alcoholism [34, 39] .
Drugs of abuse can lead to cAMP activation, which stimulates the expression of MEG3 ncRNA, a maternal imprinting ncRNA highly expressed in the brain [36, 40, 41] . Affected ncRNA in imprinted embryos could affect cell proliferation, neuronal differentiation, and neural circuit formation, and increase the risk of tumor growth [41] . Although additional research is needed to uncover the precise and varied roles of ncRNA in SUD, these findings suggest that ncRNAs are involved in SUD, and will help to provide a better understanding of the genetic mechanisms underlying drug abuse and addiction.
